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Next Generation TPC Concept ooy —m—= — .
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» Traditionally TPCs are considered as slow devices: GEM
Pad plane
» Long time to drift the primary electrons to the gain stage. Bty ey

Figure 4.6: Schematic exploded cross section of the GEM stack. Each GEM foil is glued onto a 2mm thick support frame

» LONGER time to dump the positive ions down the drain. ek e held o e e s Dokl ot O Sk, s B e B e

the fourth GEM and the pad plane. The readout anode (see Eq. (4.2)) is indicated as well. The drift cathode is
> Operation Cycle° defined by the drift electrode not shown on this schematic.

» “Gate” is closed preventing positive ion back flow and electron drift to avalanche stage.
» Trigger causes gate to open for period necessary to collect electrons.
» Gate closes for period necessary to reject ions.

» Device ready for next event.
» New concepts coming out of ALICE and STAR experience.
» “Stacked” events are not so big problem (STAR and ALICE):
» Independent event vertex.
» Confirmation by “fast detector” or at least “different” detector.
» lon field distortion is a “manageable” correction (STAR)
» New device (ALICE):

» Gate-less design using gain stage w/ intrinsically low lon Back Flow (IBF).

» Continuous readout electronics (define event boundaries offline).

Tracking Systems



Positive lon Mobility: Limit Space Charge w/ Fast lons

» This challenges one’s belief in silver linings!

» | know of no good that comes from positive ions in Measurement of Blanc’s Law
the drift volume. Flat at all LI TR L e
L 09 | NeCO2
» The ion mobility itself is easy to calculate: ~ Reasonable 0g | O %2 —8—
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ALICE Neon mixture helps (6X better than STAR)

Ar 1.51 604
In my opinion, reducing ion mobility will likely i:gg ggzig }ﬁ g;;
-LAU2 U . .

force us to use a neon-based mixture. Ne 4.2 546 1680

o Ne-CHy 90:10  3.87 503
iy s s Ne-CO,90:10 3.7 425 w
Low Mass = High Mobility He 102 1326 1080
. He-CH,90:10 755 981 3019
He-CO, 90:10  5.56 2222
. T2K 1.46 190(ILC) 584
racking Systems
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|On BaCk FlOW Quad-GEM Solution for ALICE
;i 20 T
< Gem1: Low Gain [Ve0% |
» lon Back Flow measurements are i g —— tgm-::g 4
receiving attention as never before. b .U =285V —o— U, =285V
» Both Yale (EIC/ALICE) and Munich b ]
(ALICE) have performed extensive 2 Ny
8 : :
» Universal (natural) trend emerges: . Gem1: High Gain
» Since IBF from 15t GEM is ~100%, the 00 05 10 1’::5l ‘ '2%0‘ ' ‘2?5 ' 3.10
IBF is controlled by GEM1 gain. IBF (%)
» Fluctuations in 15t stage gain define = M o —
limiting energy resolution. P avemnsr | - § T eenemsess T
» Gain stage has TUNABLE performance TZK (low diffusion)  ; m»-.-ALlCE (high mobility) NeZK.
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» e+lon ... good E-resolution for PID. oo e _f_.::‘;'" S R I ¥ i
ALICE does not have e . | | | 400 viem:

this luxury, but we do!

Tracking Systems



The Baseline sPHENIX program does NOT
require dE/dx from the tracker.

We can select an operating point that favors
low IBF for heavy ion collisions and then regain
dE/dx for EIC simply by changing the voltages.

We can maybe choose a lower ionization gas
(already must go to Ne...He is also possible).

We can operate using gasses that are more
forgiving (Ne CO, is NOT on the velocity
plateau) of imperfections in
temperature/field.

We can “hedge” the IBF issue by moving the
internal window inward (remember, deflection
due to relative space charge)---BIG EFFECT.

We can possibly develop Gain==1 IBF shield
using tricks learned from EIC RICH prototype
and ILC TPC.

We can even install a Wieman grid.

OK for sPHENIX

o, [cm] ( Projection X)

Q (%)
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Setting Rin < 30cm while reading
only starting from 30cm (sPHENIX)
resents an advantage when it
comes to SC distortions.

Note: Because of the 1.5 T field, the rd¢
distortion in sPHENIX is comparable to dr.
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TPC/Cherenkov Test Beam April 2016

All sPHENIX detector systems require a multi- stage R&D program:
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Mainly from STAR/ILC (ALICE 3-layer design uses too much radial space).

Manufacture technique hybrid between STAR and ILC.

Machinable Foam SPHENIX

Rope

Disassemble spokes

to release field cage.

N\~ Wood

ILC
(small prototype) x

Hold the main potential with SOLID, not gas (ala ILC).

Use new form of resistors (HVPW) for reliability.
Stackpole Electronlcs Inc , e

2.3 mm

0.5 mm

~4 cm

NOTE: Thicknesses not to scale

- 3722/2016
|hr aded insert (M6) §  shieldin
end fla m. (hard foam) /n:"‘:]"d‘l ul: :.ru
.\mnnd paper
honeycomb
GRP
p( slyimide insulation
unrmr strips
---------------- p(l\muck substrate
fl Id strips
z [mm]
thickness
AL shielding 0.2 mm
5 GRP 0.2mm
= aramid paper 0.07 mm
E honeycomb 23.5mm
i /(;RI' 0.2 mm HVC Serles
__________ <— insulation layer 0.3 mm High Voltage Thick Film Chip Resistor
---------- S field/mirror strips —
High Voltage Testing Features: Absolute voltage ratings up to 40,
” Ohmic values to 50G
Available with wire bondable te
Tight tolerances to 0.1%

Cu-clad FR4 (few mils
_— « )

12” Hexcell

<-—— HVPF Field Cage Board

Utilizes fine film resnstor deposmon technology

Superior pylse handlimy
Low TCR\o 25 ppm/°C
Low VCR toTp o

Very low noise

Ultra high stability

Custom sizes available

Higher or lower resistance values may be available
(contact factory)

Standard HVC parts are unmarked

ROHS compliant




Pre-drilled holes allow section-by-section of
the mandrel to become vacuum head to hold
long “striped” kapton.

Harmonic drive motors with 1 micron absolute position sensors
position digital microscope for accurate electrode placement.

Magnetic particle brake rollers deliver fresh kapton under
uniform tension to wind up the insulating layer.

Asymmetric honeycomb forms natural cylinder.
Lathe action allows end pieces to be “faced off perpendicular”

Spoke disassembly disengages field cage from mandrel.

Contri bL\ltion

-

* Commitment
2 £

| \

Vendor Total Status
HVPF Boards Sierra Express Circuits | $12,564.55|DELIVERED
8020 parts McMaster-Carr $7,959.44|DELIVERED
Clean Hood Motor Repair Grainger $554.75(DELIVERED
Tooling for Mandrel Table McMaster-Carr $774.82|DELIVERED
Optical readout for DVM (IBF) [Mouser $79.99(DELIVERED

TOTAL $21,933.55

SBU-funds to kick off v1

V

.\

—

BRdechilt




HVC Series
High Voltage Thick Film Chip Resistor

Features: Absolute voltage ratings up to 40,000 volts
Ohmic values to 50G

Available with wire bondable terminations
Tight tolerances to 0.1%

Utilizes fine film resistor deposition technology
Superior pulse handling capabilities

Low TCR to 25 ppm/°C

Low VCR to 1 ppm/volt

Very low noise

Ultra high stability

Custom sizes available

Higher or lower resistance values may be available
(contact factory)

Standard HVC parts are unmarked

RoHS compliant

WOW! Small package surface mount resistors that:
Withstand big HV pulses/
Are available with small temp coefficient (25 ppm/C).

Are available in 0.1% precision!

ILC Resistor Chain



Field Cage Survey Technique

We can “view” a reference mark
located on the INTERNAL field
stripe to survey field cage

» Cool microscope trick:
» Etch “alignment mark” on the inside stripe.
» Look THROUGH kapton at the alignment mark to set stripes.

» NO affect of front-back registration errors from manufacturer




Only a single pending order on the tensioning mechanism for kapton delivery remains.

Long lead time items to be delivered near beginning of August.

Ready to cut foam Real Soon Now!

Item Vendor Min Units|Ordered [Price |Total Status Basis of Estimate SubComponent Total
FR4520 tooling Foam General Plastics 6 7| 623.14| $4,361.98|ORDERED
2" diameter 9' long shaft Technico 1 1 335 $335.00|DELIVERED
RSF-14B-30-F100-24B Harmonic Drive 1 1| 1330/ $1,330.00{ORDERED
SHA32A161SG-B12BLV-10S17b-AN Harmonic Drive 1 1| 4674| $4,674.00|ORDERED
8020|McMaster-Carr $4,277.84|DELIVERED
Laminate Trimmer Grainger 1 1 155 $155.00|DELIVERED
Position Encoders Renishaw $1,202.00|ORDERED
Adhesive, lab supplies McMaster-Carr $1,440.43|DELIVERED
Lead Screw Lin Tech $3,456.00|DELIVERED
2" flanged Collars for motor/encoder |McMaster-Carr $371.66|DELIVERED
USB microscope Microscope Store $143.00|DELIVERED
Motor Controllers Copley Controls $1,637.00| DELIVERED
SM encoder Automation Direct $67.25|DELIVERED
SM motor MicroMo $253.49|ORDERED
Wire/connectors DigiKey $352.41|ORDERED
PS for translation motor (24 V 24 A) Automation Direct $415.00|ORDERED
PS for shaft motor (48 V 24 A) Acopian $1,170.00|ORDERED
Motor Controller Access. Kits Copley Controls $276.00|ORDERED
Web Tension Applicator Toolset Sterling Instruments? $4,000.00|Pending |Web Search $29,918.06




Outer Barrel

Inner Barrel

Other

Space frame endcap

ala ILC

3 radial segments
to improve reliability

NOTE: Table is just M&S

Honeycomb Plascorp 4 6| 270.18| $1,621.08|ORDERED

Striped circuit cards All-flex 5 8| 2925| $23,400.00|Pending |Manufacturer Quote

3 mil kapton 44" x 108 LF Dunmore 2 3| 7260| $21,780.00|Pending |Manufacturer Quote

3 mil kapton 22" x 108 LF Dunmore 4 5[ 4070 $20,350.00|Pending |Manufacturer Quote

FR4 outer sheets 4' x 4' ePlastics 8 10| 114.58| $1,145.80|Pending |Manufacturer Quote

HVPW resistors DigiKey 800 1000 1.17| $1,170.00|Pending |Manufacturer Quote

High Voltage Cable Dielectric Sciences $600.00[Pending |Web Search $70,066.88
Striped circuit cards All-flex 5 8| 1500 $12,000.00|Pending |Manufacturer Quote

3 mil kapton 44" x 108 LF Dunmore 1 1| 7260| $7,260.00|Pending |Manufacturer Quote

3 mil kapton 44" x 108 LF Dunmore 1 2[ 4070 S$8,140.00|Pending |Manufacturer Quote

FR4 Sheets 4' x 4' ePlastics 2 2| 114.58 $229.16|Pending |Manufacturer Quote

HVPW Resistors DigiKey 800 1000 1.17| $1,170.00|Pending |Manufacturer Quote $28,799.16
Central Membrane $8,000.00 Experience $8,000.00
End Caps $20,000.00 Experience

John Brodowski (BNL) -- TPC Engineer

$20,000.00
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Definitions of L5 items in MS Project file
» TPC Prototype v1 (not in file...LDRD, BNL, & SBU funds)

» Full size and dimension field cage. Intended for use in sPHENIX.
» 1 or more modules (take two...they’re small) instrumented:
» Temporary connector pattern; No cooling; “Test Beam” electronics.
» TPC Prototype v2
» Reuse field cage, but assume funds for minor reworking.
» 1 or more modules reflecting lessons-learned from v1:
» Final connector PATTERN; No cooling; “Test Beam” electronics...adapted to connector pattern.
» TPC Pre-production prototype

» Reuse field cage, but assume funds for minor rework.

» 1 or more modules reflecting candidate for electronics card
» Production:

» Modules made assembly-line fashion at multiple institutions.
Gas System

Laser System

s Discussed in this
PowerPoint only

\

Principle Subject

= of Project File

>
>
» Cooling System




Some News from ALICE review:

H. Appelshduser, Goethe-Universitat Frankfurt

-] ALICE-USA
BTU Project

Common Mode Effect

Effective baseline shift and noise due to capacitive coupling of amplification
structure (wire, GEM) to pads

bottom GEMA4 electrode

c L=+ L
FrrT————————— I

Measurement in MWPC:
Effect visible as negative
pulses on many pads

R,

Common mode signal

.a_i
-> possible effect on zero suppression and resolution =

- TDR: online treatment using DSP functionality ok
in SAMPA M
-> detailed microscopic physics performance study &: ms
(o4 Y ap o
of DSP ikl B

Annual BTU TCSM Review

6/23 1o 6/24/ 2016

» Common Mode removal is what
the on-board DSP for the SAMPA
chip is designed to do.

» The technique:

» Find a large number of “empty
channels”.

» See if they all dip below zero
together.

» Correct everyone up by the
amount of the dip.

» The weakness:

» You MUST find enough channels
(give the occupancy) to make the
determination accurately.




But SAMPA has only 32 channels!!

H. Appelshiuser, Goethe-Universitat Frankfurt

ALICE-USA
BTU Project

dE/dx Performance of DSP
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. with common mode eterioration up to 20% in central events

blue, magenta, green: * etadependent
different slope settings in BC3 filters  * further ,offline” calibration possible (as in Run1)

6/23 to 6/24f 2016 Annual BTU TCSM Review

» Scheisse!

>

At the highest rate in ALICE, the
limitation of “seeing” only 32
channels degrades energy
resolution.

Intolerable for ALICE.

SPHENIX does not desire high
resolution dE/dx...

EIC era will return to low
occupancy and 32 channels will
likely be enough.




Their remediation plan

Bias in baseline mean [(ADC)

RMS (ADC)

S PR P P I R S S I P By
200 400 G000 800 1000
Blue: fixed threshold 2.5 s

Magenta: last value kept inside detected signal
Black: detected signal region excluded from mean calculation

» Monte Carlo indicates no improvement in performance beyond 100-200 pads.

» Options:
» Add FPGA onto FEE (one card sees 5 SAMPA = 160 channels).
» Send raw data using EXTRA fibers and process on the CRU.

@aw data, but digitize @ 5 MHz using existing ca@

Muon systems WILL use the SAMPA DSP
since their occupancy is lower.
We would almost certainly use the DSP
at full speed and it will meet our needs.



:2.3 mm |

0.5 mm

~4 cm

New resistor technology reduces resistor size dramatically.
Kapton circuit company will apply these resistors!

Very fine pattern means much better field quality.




Outline

» Some non-Engineering Updates that Impact Engineering.

» Space Charge immediate actions:
» Two known methods minimize space charge distortions A LOT!
» Influence on inner field cage location.
» Space Charge possible actions:
» More speculative concepts that appear viable can also influence design.

» Addition of a “field termination grid” might reduce lon Back Flow but it
WILL CERTAINTLY RELAX MECHANICAL TOLERANC CONSTRAINTS (so | kinda like it...)

» Some direct Engineering updates:
» eta=+/-1.1 (not 1.0) ... makes the TPC longer.
» Radius change proposal dropped...retain 78 cm.

» Future upgrades needs the space.

» EMCAL may need the space.

» Cross-check chamber (calibrates space charge distortion) needs the space.

» Clarified exact parts for table motion purchase (Harmony Drive Motors!)




Distortions can be ENORMOUS:
STAR: 10 cm peak distortion corrected to 400 microns (0.4 %)

Corrects for primary charge only (gated TPC ~no lon Backflow from gain stage).

Uses analytical phi-symmetric correction driven by current luminosity.

ALICE: 20 cm distortion corrected to 200 microns. (0.1%)

;

¥ (em)

g 2

lon Back Flow = 20X larger than primary charge.

100
sof
B
w0f
00
50

Uses continuous readout to determine INSTANTANEOUS space charge (every 5 msec)

3D correction since IBF determined by GAIN (gaps, dips, horror).

8 8
8
e

Our advantages:

y (cm)

B2 88 .8888¢@
| Mhdd bhddd BA) ¢ A hdddd Rl )

Only the physics of the effect is given.

Smart design can minimize the impact

;
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Input to IBF calculation IBF (aka ¢) &

» Use Ne-based mixture (currently Ne-CO, 90:10).
» Run at low end of IBF PURPOSELY degrading dE/dx Apolied
in favor of low IBF (0.3% vs 1.0%) - I\Iljgw
» Move inner field cage to avoid peak.
» Known aces in the hole:
» We can maybe choose a lower ionization gas (already must go to - Iv-«!r;omeman Grid simulation ot
Ne...He is also possible). - ' - ' ——
g ) I i 24 § A -
» We can operate using gasses that are more forgiving (Ne CO, is NOT ==
on the velocity plateau) of imperfections in temperature/field. wa il Collecton: 528 ”” e
» We can add a Weiman mesh: pu3 WH T — m_ | e
> 10-100X reduction in IBF. o - \L . 1
» Introduces “static” 10-20% permanent dead time. TRt LT I e .

Speculative Ace in the Hole: _ _
SPHENIX TPC Discussion

chaired by Thomas Hemmick (Stony Brook University)

» We can possibly develop Gain==1 IBF shield using
tricks learned from EIC RICH prototype and ILC TPC.

Wednesday, May 11, 2016 from 09:00 to 12:00 (US/Eastern)
» Maybe even a simple mesh will do it... at Universe

Tracking Systems Description Chat about the possibilities for a TPC in sSPHENIX {ith outside expert..
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Physics of GEM-in
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» The limit of no diffusion is not realistic, but quite instructive. Poisson: variance=mean
» Electrons in the “core” are transported down through oa valanche: 1+Poisson
» the hole while avalanching.
» lons from halo are lost onto the top GEM while going up. A 03h
» Basic configuration to minimize IBF prefers E,,,.ser>>Eqrift- %
> NOTE: 02l Operating without gain
> E-field shapes are SCALE INVARIANT f (£2,24) : Removes fluctuations.
» The scale enters the problem after we impose diffusion in the hole. 0‘1:_

9/2/2016 .
(-a1N



Even lower than 0.3?

B
MOS0

i i
& g
] Requires HUGE Holes 5
H 0’ Virtually no IBF limit T2K 5 e 0
O s .o )
10% - .‘ | 107

10 i || o 10
Drift Field

‘ ‘L I:II 118 1 1”*

i i
Ikematsu et al, 2014 IEEE NSS/MIC

(expert feedback: promising!!

Necozmt0 oo Maxwell 3D
g; w/ diffusion w/o diffusion
ALICE i CF,
: Transparency Achieved
= j : with STD GEM Holes!

Garfield studies showed that for
“ALEPH conditions”, i.e. P10 and
B=1.2T, electrons pass the grid at
70% efficiency, while it is 0% for
ions. Note that at the nominal ALICE
operational point with sigma=12%,
the effective electron transparency
is only 50%. This would certainly be

a very elegant and efficient solution.

-- Harald Appelshaeuser 5-12-2016

Blatnik et al 2015 IEEE Trans Nuc. Sci.
http://dx.doi.org/10.1109/TNS.2015.2487999
photosensitive GEM at a gain near 1 (using 80% ot the nominal

AT ) to minimize this possibility. During our SLAC run we ver-
]' = -

1) We could indeed operate the detector at gain = 1 in the
top layer with no measurable signal loss.

6 a

R&D ongoing to determine if viable
Gain=1 layer can be achieved.


http://dx.doi.org/10.1109/TNS.2015.2487999

Getting the Length Right... \

With Termination Grid Without Termination Grid

» Increases in physical length: A ]
| ]| |
» Use correct eta.
n=1.1-
» Non-zero readout plane size FR4 ) d=104.18 cm .
» Clear the Al ring | - Honeycomb ’/' IIJ\
» Add a field termination mesh! ' —
» Field termination mesh will Field 0.5
likely reduce IBF. Termination < 1/2=105.45¢
Mesh < >

» Field termination mesh will
CERTAINLY reduce mechanical /
constraints on the end plate
(but that was easy to meet)
and also avalanche stage.

_________________________________________________________________________________________

Fields termination mesh em | Look here
decouples gain voltage and
dead channel map from _ ) _
drift field. 4:\ S Honeycomb | A
- o sen Laienin I ez th |

1.47cm g y
Issue: Module swap? L/2=105.47¢ Unbelievable! Length = 211 cm




3D model: Inner and Outer Cage

» How should we transfer files to BNL?

» Mechanical values for outer TPC field cage (final?):

formula cm in cm in
R - outer # 78 78 30.70866
Skin Thickness # 0.001 0.00254 0.001
Honeycomb # 0.5 1.27 0.5
HVPF (kapton) # 0.15 0.15 0.059055
L (decision) # 211 211 83.07087

» Mechanical values for inner field cage (subject to change?)

formula cm in cm in
R - gas # 20 20 7.874016
HVPF (kapton) # 0.15 0.15 0.059055
Honeycomb  # 0.5 1.27 0.5 \
Skin Thickness # 0.001 0.00254  0.001 . _
R-envelope  R(gas) - HVPF - honeycomb - skin ~ 18.57746 18.57746 7.313961 All files using Inventor 2016.

We share among students using
the AutoDesk cloud (aka A360)

Compared to prior drawing:
» Length up, HVPF thicker (1.5 mm instead of 1.0 mm), skin added.

Tracking Systems



Mandrel gets bigger too:

» Extended more than just the TPC length:

» Allow mandrel surface to be longer than TPC
(extra 1.5 “ on each side...just because).

» Tool carriage gets 100% clear of the mandrel:

» Line of sight to the shaft!
» Recalibrate the carriage motion (of needed).

» DIRECT measurement of cutting tool radius.
» The round up to even feet (95” - 8 feet).
» Concern:
» Bowing of the shaft goes as L3.
» Load of central worrysome.

» New idea: Eliminate center wheel.




New Mandrel

» Use long (80”) 1.5” x 3” 8020 struts
running the full length.

» Should be more than stiff enough to kep
the shape.

Likely we will make 8020 around the rim
of each wheel also double material.

Significant news on investigation of

parts options!

Tracking Systems



FR-4520 instead of FR-7120

vV v v v Y

Alternative foam.

Roughly the same cost as 7100.
P

Leaves much smoother finish.

e
All chips, very little dust! ,J;&;f /
Modulus only 1% lower than same,":'”"; ‘-—33;\
density 7100 material. ¢ i N

Samples on the way from LI
distributor.

Tan instead of yellow.

Advantages

+ Machined anti-static foam boards create shavings that fall to the floor, not dust
« Excellent consistency and uniformity throughout entire mass of material

« Easily finished with nearly any resin or coating system

« Mo glass-bead fillers to damage cutting tools — material cuts with HSS cutters!
« Long-term durability and dimensional stability

« Always flat and stable — sheets will not warp, bow or twist

« [ndividual densities color-coded for easy identification

Tracking Systems



Encoders for table motion

LM13 magnetic ring encoder

system
Resolutic fr | S
unts per revoiuti
gh speed operation to 20,000
evolutions per minute
X

» Must use magnetic encoders since dust (now chips) interfere

with the optical encoders.

RENISHAW technical rep visited SBU with great advice!

Absolute encoder desired to linear stage motion.
» REQUIRES SPECIALIZED MOTOTR CONTROL UNIT.

Tracking Systems

FEATURES

True absolute system

Suitable for highly dynamic control loops
Small footprint

High accuracy

Resolutions up to 0.244 pm

Axis lengthsup to 163 m

Speeds up to 7 m/s at 0.977 pm resolution
Integral status LED

Synchronous (551, 5P, BiSS) communication protocols available
Parallel incremental cutput (analogue or digital)

Double shielded, drag-chain compatible cable

Simple and fast installation

Robust measuring principle

Excellent degree of protection to IP6S




Absolute motor controller unit.

Accelnet Plus 1-Axis Panel

» Unit is VERY intelligent!
» Accepts quadrature input for a standard shaft encoder (assuming motor/encoder pair).
» Additionally accepts BISS interface for absolute position of stage.
» Engineer on phone was very interested in our application:
» Recommends HARMONIC DRIVE MOTORS!

Tracking Systems



Harmonic Drive and Thomson Lead Screw

e
=

» Using all Harmonic Drive Motors:
» Zero Backlash.

HARVONK I'm

» Internal geardown.
» 30% teeth engaged.
» High torque at very low RPM

» Linear position measured to 0.25 um. RSF-Mini

hle servo actuators utilize zero backlash Harmonic Drive® precision gears

.. . for precise motio ig per: wide
range of third party drivers as well as Harmonic Drive LLC's DCJ Series, DDP Series,
r p OS] ] O n l l I I l a O u ‘ r ‘ g( ° DEP Series, and HAG80 drivers.

rotational accuracy. a flange output combining one of our Harmonic Drive® gears and




Summary

» Money from BNL arrived last Friday.
» Need to start spending some RSN.

Outer radius spec: no change.

Length spec settled including realistic sizes of avalanche stage.

Table lengthens more than length spec to improve calibration and accuracy (site shaft)
Better “foam” from speaking with engineer at general plastics.

GOOD choices for motor, position feedback, and controller unit.

vV v v v v Vv

Addition of termination mesh will improve detector performance as well as relax
mechanical tolerances on things like the endplate.

MORE IMPORANTLY: Termination mesh will decouple gain voltage from drift voltage!!

Tracking Systems



HV Vs Ch_arged particle

. . Field / Avalanche & Detect
Hardware will still play a key role. — A R e
: . : . . beam g -
Time-order of the physics dictates order of simulation: A -
Charged particle traverses gas leaving ionization trail. “Field Field N - le.
Fluctuations in primary charge: f(GAS): well known « - ot pixe S“
~1.6 meters harder to simulate

Electrons drift way from central membrane toward avalanche stage: . .
Side view

Transverse Diffusion: f(GAS, E-field, B-field): well known

Longitudinal Diffusion: f(GAS, E-field, {B-field}): well known

Drift Velocity: f(GAS, E-field, B-field): well known

Nominal Trajectory: f(GAS, E-field, B-field): well known

Space Charge Distortions:
f(GAS, E-field, B-field, Avalanche Technology, rate, multiplicity, monitoring, readout): tools must be written by us!

Existing simulations:
Standard Effects = mature codebase:

Driven principally by ILC-TPC R&D (test beam results) . Garfield
Flaw: Wrong gas (bad for space charge). « Maxwell3D
* Magboltz

Implements all “green” considerations except static B-field distortions.

Broken for everyone except Alan ®; promised to be fixed today © 5-19-2016.



What is the level of detail in current code?

E [ B=1T ! l
/

é 0.15F Preliminary . -

) e | LS. A
Gas properties (Ar(95%) CF,(3%) Isob(2%)), .. P EREE
based on ILC prototype measurements and Ee g *° ]
o e o . . . - —e— Asian GEME,_, 1.2x54mm" -
verified with Magboltz, ionization from PDG: 0.05} o oesvaeme_ izt ]
e N, =38electrons/keV : e o I
* v, .~6cm/us at ~ 150 V/cm 5 D%z o 0-6 . .2;;_. . “."“.;;. -
~ i i 62, = —+ o
: 3; = 5272um/\/cm in1.45T field T N, 0 drift distance [mm]
e X' =11633 cm D2, £ 004 SPHENIX GEANT4 simulation
0 2 S 2 t = L
0; = (1 + wf ) —N 0.013F
t -
Charge sharing between 2-3 pads of 1.2mm, e :
based on ILC prototype measurements: G .
* Ofparge = 300 pum in triple GEM 001~ .
° 0'0 =70-80 L o.oogf— ’

» Good realism for gas interactions/gain stage. | E... (et i o0 g S0 5 T £ O i 0 55 @

70 80
drift distance [cm]

» Bad:
» Wrong gas (too little diffusion)

» No static B-field imperfections.

» No space charge distortions included.




Generate Diffusion p Diffusion Cluster
Particles in Gas in Avalanche Finding
A

Distortions go here

v i v

GEANT p| ionization raw data : Track
E D Finding

nergy Dep. 38 e/keV pad adc

Distortion-free mass £ 1°°°GEAN:|ﬁ T, X e

resolution very good: e os-ﬁ@

- Analytical same as ] ] j;; ]

G4 Simulation | — Crystal Bai i Ei

o
n

el oMY ] 4 €-loss at .
,1 - high multiplicit;[ "

o %

|
85 9 65 10 10 L : L : L 5 \
m[GeV] P, [GeVIc]

o




Present Status

Alan Dion 12:16 PM (30 minutes ago)
to hemmick, Carlos, Axel |+

The main change was only at the macro level : the Hough transform needs to have UseCellSize set to true, as well as having the usual sqgrt(12) passed
as a scale between what the fitting sees and the pattern recognition sees as Hough size for the pixel layers. | am not sure how the macro and libraries
got out of sync, but it is fixed.

After that change to the macro only | could find tracks again.

| also modified the g4detectors library: | left a hard coded "2" as the number of pixel layers. |'ve changed that to a user input now, and all 3 maps layers
are used correctly as far as | can tell.

I am not sure if Mike has run the code yet, but if | do a fresh checkout, compile g4detectors and helixhough, and set the macro to use maps+TPC, then |
get tracks.

Mike McCumber: It seems that one speed
limit is the memory usage of the Clusterizer.



Blue Boxes and Blue Lines

Initial Charge Density Buildup

¥

e - t4
Luminosity Hijing/ P'ythla Ggan-
Track Pileup lonisation .
I Here is where we put the
Electron/lon {1\ - 5-ck Flow “arbitrary” distortion
2 e Electrons are -
Mobility in displaced by residuals
gas - T. Frawley: Please give me a
* handle on arbitrary distortion,
Electric Fleld we’ll calculate the limits.
(-:n: ”c_ e Clustering
Distortions
Spatial Distortion of .
Electrons on readout Red: code exists Tracking
Green: code exists
\ ' ] blue: new (need to generate) ‘

Here is where we put

. : : : —
the “right” distortion What is the right distortion?

« Can we make a design that minimizes distortion



Tony’s Hook

>

dr (om) for Ne-CO_-N, (90-10-5). SO Wz, « = 20

E 240

. . . . ~ m
Positive ions drift toward z=0. d 's
Pileup of old events linear in z. - o

Maximum distortion: 180

> R = Rinner T
» 7=0. — -

100

-0

Maximum distortion value used as a
reference:

» ALICE: 20 cm
» STAR: 10 cm

D -0 'S0 -'O0 -%0 c h 100 150 SO0 P

Z (cm)
Mean Deflections of ionization due to space charge in ALICE @ 50 kHz

dr (cm)

Ne-CO,-N, (90-10-5): 50 kHz
«c=20
-—-t=10

Current Code:
» Uset ortion as reference:
PRECISION: sigma = f1 * DISTORTION

ACCURACY: delta = f2 * DISTORTION

Determine limits on f1, f2 to match KPP. . b

0 10 o W Ww VW 20 ~e0 o 120 - 0 w X 2 a0

Compare to STAR/ALICE... o r(em)

Figure 7.9: Space-point distortions inr (ke ft panel) and re (right panel) as a function of the radial position r close to the central
elkectrode (z ~ 0cm) for Ne-CO,-N; (90-10-5), Ry = SOkHz, £ = 10 and 20.

vV v v Vv

Requires 2D distortion map for sPHENIX!!



Plan to SC distortions reasonably quickly:

» PRECISION: sigma = f1 * DISTORTION

» ACCURACY: delta = f2 * DISTORTION sPHENIX20 sPHENIX30
Grid size: Grid size:
Rad =0.75cm Rad =0.63 cm
Phi =360 deg Phi =360 deg
Lon =0.64 cm Lon =0.64 cm
class SpaceChargeDistortion &, [em) &, [em)
{
public: 3

SpaceChargeDistortion(const Hhar * filename =
virtual ~SpaceChargeDistortion() {}

// For this analysis we only use Init, proce
double dr (double r,double phi,double z);
double drPhi (double r,double phi,double =z);

//
vold setPrecision(double p) {precisiconFactor
vold setRAccuracy (double a) { accuracyFactor

0 60 40 20 0 2V @ &0 W 0 60 -4 20 0 20 & w0 W
LonAudnal jom) Longtuana jom)



Factorization of the Space Charge Problem

Cylinder with graded potentials
and space charge in the volume

g

Point + Sheet

Image Charge

Dipole
Field!

» Graded field cage field
Grounded shell, determined by ANSYS or
+ space charge COLSOL finite element
calculations.

» Grounded shell solved using
Greene’s theorem

AG(7, Ten) = 6(F — )

Eon (P 7)) = VG(7, 7o)

E = j DT B G )V

Graded potentials, no charge



Finishing the solution

1 [m
imig—a']
o D€ — 3

=l

32 (2~ o) cosfm(s — &),

oo ]
Eﬂmn{réfm"{r’} with -""_"Emzf Rﬁm{r} rdr,

Once the solutions to the homogeneous equation are known, we express the Dirac delta

. r}Rmn[r*’] sinhi 8,2 ) sinh{ B (L — 2}]]

EI'IH

>
function in this basis:
Bp—d") = —
ar—v)
f - |
m = 0,1,2,
» After which the solution is readily obtained:
G(r, r,t:-.z'r" q!:-’ =) =
o E E{z b1m) cOR[( 5 — )]
M=l =1
>

Rossegger used three independent basis sets to obtain stable, differentiable,

convergent solutions for the r, ¢, and z components of the field:

Although the solution is correct, it is not assured to be readily convergent.

Ben sinh{ G5, L)

E.\‘E ir,d,zr. ¢ 2) =

R B sinhi Bn L)

M=l n=1

with % (sinth( Bn 2e ) SINW{ B L — 22.))) =

[ Bonn COSh( Brnn2) Sinh( Buna( L — '),
B { — Bran C08h( B L — 2)) sinh{ Fin2’),

—ZE[? b cosfm{ )| el w Bo(r') 3 (smhiﬁm*{ smh{smw—h}n)

(5.64

for0 <z 2 <[,
for 0=z <z< L

;G[raﬁ vl g, 2 =

mn'Z T:‘n-:l

a
7L ZE (2~0ma) cos|m{d—)] sin(Fn2) sin(Fa2') (fm{ﬂna]ffm Bnb)

m=il n

— | Bnb) Km( Bn

fore<r<r <h,
fora=r'<r=<bh,

2 (R () R(r)) = {Ri““[iﬁfﬁ'“(i[i?

wherein R} (s,1) is

with

Ripn(s.t) = % (Kom(Bns) (Tm-1(Bat) + Ims1(5af)) + In( BuS) (Km1(Bat) + Kimsa(But])) -

=)

65)

;G(r b2 ¢ ) =

R,L;,[j kfr) @ fcoshipa(m— o)} .
_Ezsm ¥)sin( G, ¥ ﬂ@( P ) (5.66)

=1 m=1

|6 — &) =

. d
with % (cosh|plm —

~ i Sinh p (T — (6 — '),

- { Pt ST (T

for<d' << 2r

- (¢' — &}, forl << <2r



2] E [aul] ALICE
1.5-§
13
Basic shape of the field components looks 052
very similar to ALICE and matches physical 03
intuition. 0.5 3
This is not yet proof that the implementation 1;: ~
of the functions is: P
Robustly correct. z

Produces an answer on a known scale
(V/cm is neither mks nor cgs).

Entries 17248
Meanx 27.24

Test the implementation by confirming that
the result obeys Gauss’ Law!




TPC Boundaries

"’

Place single point charge.

Gaussian surface “interior” by

o, and by 4,. 0
Integrate Gauss’ Law vs o, and by 9,.
Expectation:

Constant while charge enclosed. % B

Zero when charge excluded.

Integral negative due to dropping minus:
E =CVV

—

-dA

Gaussian Surface ._

-

0 L
0.2 :
04k
0.6 :

0.8

0+5,
Test of E,
GausslLaw
EntngeasUSSLaw 23
I RME o142
Charge Charge
Enclosed Excluded

|

-1

P IS S T B T S

10

15 20

d (cm, shrinks the surface)

Tyl

0.2

-04T

-0.6

-0.8

- dA

Test of E,

GaussLaw

GaussLaw

—

Entries
Mean
RMS

23
10
5.477




Reasonable agreement of “our Dr detailed shape comparison
ALICE” with the ALICE TDR.

& [cm] ( Projection X )

. 'é"eu__'l‘"I"'l"‘l""l"‘l'"I"'I__: -
i(a)[rC]Sl:’ﬁt)ar: l;r(;f ;_:}?erent but § E Ne-COz-NZ (80-10-5): 50 kHz E s0ll different colours, different grids
9 15_ e =20 =
these don’t seem major. 3 em10 :
10}—+ = — 20
= - [ Our methods
s~ ALICE TDR 41 .C at Z=-0.5cm
of- I
] 0
_5:_ s
‘10;‘,1“.1“.1...1.“1.“1.“1.“1 . ' :
100 120 140 160 180 200 220 240 ® W W@ 10 W W D e km

r(cm)

Quantitatively close, but not quite the right shape

Source of incongruence:

Wednesday, May 11th 2016 Carlos (Carlos.PerezLara@stonybrook.edu)



Calculations for ALICE
(reference)

SPHENIX with 30 cm inner radius
SsPHENIX with 20 cm inner radius

Concept:
Instrument from 30-80 cm.

Use “extra charge” to minimize
space charge distortion of
innermost point.

Use the sPHENIX20 and
SPHENIX30 as input distributions
to “Tony’s Hook”.

Estimated mean distortions in R

ALICE

Grid size:

Rad =2.13 cm
Phi =360 deg
Lon=2cm

&, [em]

Wednesc

@950 200 150 %00 -5 0 S0 WO 150 200 2%

SPHENIX20

Grid size:

Rad =0.75cm
Phi =360 deg
Lon =0.64 cm

SPHENIX30

Grid size:

Rad =0.63 cm
Phi =360 deg
Lon =0.64 cm

§; [em]

&, [em)

Gas parameters left alike, mean multiplicity scaled by a factor ~2 compared to ALICE




The effect of moving the
inner radius in is significant,
moving the inner-most space
point distortion to roughly
2mm.

QOuter radius becomes the
most significant distortion
which becomes ~ 8mm.

Further reductions in IBF are
not yet applied for these
calculations.

Non-space charge systematic
errors are likely the
dominant source of
systematic error.

Estimated mean distortions in R

ALICE SPHENIX20 SPHENIX30
Grid si 3, [cm] ( Projection X))
Rad =
Phi = 3 af-
Lon = 1 10-20X smaller than STAR/ALICE
2.5H-
E' blue: sSPHENIX30
of— red: sPHENIX20
‘-5;_ | Setting Rin < 30cm while reading
1 = L only starting from 30cm (sPHENIX)
- TH presents an advantage when it
0.5 h comes to SC distortions.
- Ty
o~ T ——
_05::_ . ——— -F-TH_‘*H'T“:HC‘-}‘—-,H__‘\\\L
- : L 1 1 1 l 1 1 | 1 l i 1 1 | l 1 1 1 1 l L 1 L 1
20 40 50 60 70 80

Radial [cm)]

Wednesday, May 11th 2016

Carlos (Carlos.PerezLara@stonybrook.edu)




HARDWARE PROGRESS

\




Build full sized field cage during the R&D cycle.
Use this field cage for the actual experiment.
“Hidden Cost Savings”

0 cost, 0 overhead 0 contingency.

Allows us to test gain stages at full size
(MPGD reliability can be issue at large size)

Requires INTENSIVE R&D IMMEDIATELY.

Voltage holding, mechanical strength,
electrode precision, flatness, ...

So, we’re doing that...since even the field cage requires clever design.

©3722/2016




Cartoons for terminology Side View:

STAR Terminology: Outer Gas Enclosure
e (safety ground)

Outer Field Cage

End View:

Inner Field Cage

v

A: A = O75 Kaplondvp laner Field Cﬂgﬂ cy].iﬂdcl‘

| |— 2003 Al 7T

i A

P
an B
, i [
;‘]{m_ T FER RSP SFIIT EREFEF P PP RDI ) FFEF T J'J_.i- I

I
L5 Trp —i=— 100 17 !—-— - ﬁl- 15Tim

Electrical -

Kapton or FR4 _
Hexcell Honeycomb (1cm - 1/2”) | &

Kapton or FR4 VAR Ower Field Cage Cylinder
NOTE: v [ ’ - | 100 Fiehd Cage
. . :1!:{1:;:: T
» STAR skipper the inner gas enclosure. Bleotrical — 15T t007 L 10T

Conneciion
Finsz

» Advice: Don’t copy that mistake.




ALICE Terminology: Outer Gas Enclosure
(safety ground)

End View:

= Fine Field Cages

Inner Gas Enclosure

NOTE:
ALICE adds fine field cage.

We don’t have room!




GAS CONTAINMENT VESZEL

1 S —— 7 S
20 K4 Epeey S e et b T
L INERE
ey | Al Bengpesh | \z 10 i Tl

e 1=l =
4 R

5.7cm

o Cnmer Field Cage Cylinder

Commnection

Drawing IS to scale.

A BIG TPC (ours will be smalle

STAR used a 5.7 cm gap holding a maximum voltage of
27 kV.

They flowed nitrogen through the gap.
Overall thickness is 7.7cm.

Using the same considerations, we would design:

34000 Volt
Gap =57cm————=7.2cm
27000 Volt

"4y

ZL

With 1cm for each honeycomb = 9.2 cm. ‘ —
This is 3.6 inches (4X too large). | /]

9 ¥, Ill |

., f/ |

4 N ]

| X \

\ |

| ~ N

If 3 |’ N

‘ R, f

osing 7-9 cm in a device tis big |
is OK for STAR...but not for us!
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Desigh concept for full field cage.

NOTE: Thicknesses not to scale / Cu-clad FR4
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vV Vv

<—— HVPF Field Cage Boa

Made as “pressed” onto a cylindrical mandrel that defines the shape.
1Tmm of kapton is ~0.3% of a radiation length.
Shielded HV cable that holds 100 kV is 0.4” diameter

(fits inside hexcell). Material Type | Max. Operating | T/G °C | Voltage (V/mil) | Aged rating
Temperature (*C) Note | (Vimil)
Resistor chain inside the gas (like STAR & ILC). FRa 105-130 160 800 3007150 021
FR4 Hi-Temp. 130-150 170 800 300/150 0.22
Test a flat prototype in the tandem injector cage. BT Epoxy 140-160 180 1300 600/400 0.40
Polyimide 150-190 200 900 T00/500 0.25
HVPF* 180-200 210 3000 to TOOO 300072000 0.28

*HVPF is a trademark of Sierra proto express.



VERY similar to ILC:

1 4.7 meters
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SECTION A-A

» Sized between STAR & ALICE.

» Does not use the “fine field cage”.

» Combines the field cage & gas enclosure into a single layer.

CONCLUSION:

Our design will be a field cage and ground layer as a single unit.

Need R&D for the specifics of the design...

111111

threaded insert (M6)

copper shielding
end flange (hard foam) épn]yimide substrate
_——

=—0GRP
aramid paper

honeycomb

GRP

polyimide insulation
mirror strips

T e = = polyimide substrate

field strips

25 mm end tace

z [mm]
thickness

ﬁ'/ AL shielding 0.2 mm

“—~— GRP 0.2 mm
" N 0.07 mm

aramid paper

honeycomb 23.5mm

25 mm

ﬁ/ GRP 0.2 mm

! eesssss— <>— insulation layer 0.3 mm

S~ field/mirror strips




Board shall be named “TPC HV TB-Rev 0”

Flexible 1, Test to destruction.

2. Irradiate...test again.
0.5 0z Cu

Multiple layers
3-4 mils per layer
Kapton adhesive/kapton
Laminated to final thickn
Etch out the copper
Followed by ENIG

HVPF

I1mm+/-1

30 pieces «

8 inches

v

50 pieces.

Turn time 10 days
8” by 8”

No vias

Gerber files...

Minimum bend radius should be 20 cm .. —
ENIG finish—
1mm thick material is required to withstand 40 kV




\
Reminder: Operates at 32 kV + GEM voltage, ~35 kV.

lllllllllll

~65 KV sparks around edge, through air.

My next biggest HV power supply is
450 kV, but that one powers 1 A=
injector to SBU tandem accelerator. SRR il 1I":'.'f'./.vféf"//é,’»%////;%///a

Rich Lefferts believes that when R | DC MILLIAMPERES
this one sparks through material,
that (like the 20 kV, 40 kV, and 80

KV units) it will not hurt the power

supply.
Not our current priority...

,,,,,,,,,

DC KILOVOLTS

# GLASSMAN HIGH YOLTAGE CO.

No problem at 80 kV



Mandrel & Tooling similar to Lathe...

Who dat? s g

f”l

Hexcell honeycomb sandwiches are familiar to many in planar form.
To do the same in a cylinder, you need a “Mandrel”.

Question: How do you get the damned thing off the mandrel?



Niv Ramasubramanian: SBU physics
grad student, BA in engineering.

Machinable Foam

Wooden cylinder.
Double layer of rope on cylinder.

Machinable foam:

Turned (like a lathe) to correct
outer radius.

After layers glued...rope pulled
from end to free the field cage.

ILC

(small prototype)

Steel cylinder with internal
mechanics.

Internal mechanics allows the
cylinder to retract from the field
cage at the end.

SPHENIX

Compromise between STAR
and ILC

The cylinder supporting the
machinable foam is like a
bicycle wheel (sturdy)

3 Wheels make a cylinder.

Since %2 length is only 80cm,
we can reach in to
disassemble 80-20 pieces
freeing the field cage.



. Samples of 3 densities of foam in hand & “butterboard”
Mand I‘el CAD D651 gn . Currently favoring the highest density rohacell

Each wheel is held to the precision steel
shaft via a collar.

The collar is positioned by the SBU shop
to be centered in the wheel.

The foam blocks are held from the inside
via screws (e.g. drywall screws).

“Even” numbered blocks: square sides.
“Odd” numbered blocks angled sides.

Because of the asymmetry, there is a lip
at every edge that will be removed.

Reminder: Basic concept is to turn (as in lathe) the rohacell
foam into a precise cylinder to lay up the field cage walls.




We’ve settled on an outer radius of the device: Dielectric Sciences, Inc.

80cm minus 2 cm “stay clear” zone = 78 cm outer radius.

Specifications
. . . Voltage 100 KvDC
QUESTION: What is the exact thickness of the exterior Cable Type A-Conducior Cabie
? Mo. of Conductors 1
Sheu’ Diameter 0.440 in
. . . Ga 16 AWG
Since the MANDREL RADIUS is set to the INNER RADIUS size, e T
we should calculate first and then cut metal. Shield Tin-coated Copper Braid
Insulation Material Palyethylene
STAR field cage is 1cm (kapton-hexcell-kapton) and Jacket Material Fve
. . . . A
their gas enclosure is also 1cm (aluminum-aluminumhex- . LEGEND
. A. #16 AWG (19/29) T.C.
alum]num). B. SEMICON POLYETHYLENE TO @.100
Our current design specifies ¥2” honeycomb. i © [NSULATING FORYETAYEERE O 83002010
D. SRELDDES gTEéERR#SQ AWG T.C. , 90% COV
Set I?y HV cable diameter... should be driven by mechanical g C UACKET: PVC: BLACK
stability. ¢ §
~+
Sturdier than STAR. T
Want to know more before cutting metal... 0 p—
1. TEST VOLTAGE: 110KVDC— 10 MINUTES
E 0440” 2. JACKET SPARK TEST: 5KV

QUESTION: How do you simulate Mechanics of Honeycomb materials in CAD?




.

| Detector | Mass of beam (kg) | {m) him) tof HC 143 h2 Effeciive ET  (I*3)/{h*Z°ET) (M*123){h* 2*ET)

ALICE _ _ 5.1_ 0.03_ 132.551_ U.UDDE!_ _#REF!

ILC | 1.43_ 4.3. 0.02394_ ?9.50?_ U.Um5?31236_ 1.906_?2?83.?0819 104080 7027
STAR - field cage 1.4 42 0. 00967 T4.088 00000935089 0.B587H 9226312769 21.98526189 1291683.788
STAR - containtment vessel 4.6 4.2 0.008 T74.088 0.000064 13.8 83885 36957 38R8TH
SPHEMIX _ 0.343 _ 16 _ 0.01305 _ 4.096 _ 0.0001703025 _ 05731158 _ 41965, 89885 14394 30331

-
Detector

STAR - field cage
STAR - containtment vessel

Figure of Merit Comparisons:

21.98526189

G H

SPHENIX

>
>

Since STAR field cage does not hold pressure this is an inappropriate comparison.

By simple scaling laws, sPHENIX field cage deflection is significantly smaller under
pressure and gravity than the larger TPCs.

Therefore we conclude that the 12” specification for the honeycomb is correct:
» Pressure/Gravity sag is fine and would tolerate thinner honeycomb.

» Desire to bury HV cable inside a “slot” in the honeycomb likes current size.

Ready to proceed with the mandrel manufacture (“measured twice”).





https://drive.google.com/file/d/0B-81-eR_9sCMRVAtYTVidW0zYUU/view?usp=sharing
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LM13 magnetic ring encoder
system

Using all Harmonic Drive Motors:

Zero Backlash.

Internal geardown.

LA11 absolute magnetic encoder
system

30% teeth engaged.
High torque at very low RPM
Linear position measured to 0.25 um.

r¢ position 100 um at outer edge.
O R

RSF-Mini




Known:

Layering of materials:

striped kapton, insulating kapton, FR4-Cu, hexcell, Cu-FR4-Cu

Striped kapton:

All-Flex...18” x 16’ (yup, feet) = $3000 each.
1.6m/18”=3.5; use 5 pieces (I do *NOT* want a seam in the middle).

Insulating Kapton:

Pyralux® AP Copper-Clad Laminate
« Available in polyimide thicknesses of 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, and 6.0 mil

Dielectric Sciences, Inc.

Lead carrying HV:

Hexcell 4’x8’ from Plascore

crrrr oo hal
ool
| .

PN2 Aerospace Grade Aramid Fiber
Honeycomb

Specifications

30 KVAC
Voltage 100 KVDC
Cable Type 1-Conductor Cable
No. of Conductors 1
Diameter 0.440in
Gauge 16 AWG
Conductor Material Tin-plated Copper
Shield Tin-coated Copper Braid
Insulation Material Polyethylene
Jacket Material PVC

3 available upon special re

LEGEND
A #16 AWG (19/29) T.C.
POLYETHYLENE TO .100
C. INSULATING POLYETHYLENE TO 8.360+.010

RRRRRRRRRRRRRR
E. JACKET: PVC: BLACK

9.440£.010

E 2. JACKET SPARK TEST: 5KV

NOTES:
1. TEST VOLTAGE: 110KVDC— 10 MINUTES

ILC Resistor Chain

Aligning Stripes onto Mandrel:
Learn by doing...



Tiling the stripes.

» All-Flex has unique capability to make VERY long
kapton circuits (up to 40 feet).

» The width is material limited (17.7” fiducial).
» 3.5 “tiles” along TPC length.
» Real life:

» | *DO NOT* want a seam in the middle.

» Therefore we will have 5 tiles (order 8).

<2 aliflex

Flexible Circuits & Heaters
1705 Cannon Lane

Northfield, MN 55057

Ph (877) 663-7162
www.allflexinc.com

March 11, 2016

Stony Brook University

Tom Hemmick

3060 Little Neck Rd.
Cutchogue, NY 11935

Phone — 516-982-1403

Email - tkhemmick @gmail.com

Subject: Quotation for P/N(s): MAXI FLEX
Reference Number: STONY BROOK Q160395DSMX REV1
Dear Tom,

Thank you for the opportunity to bid on your flexible circuit requirement. We are pleased to submit the
following budgetary quotation for your review:

Order Quantity Price
Tooling and NRE $1,200.00
4 units $3,500.00/unit
8 units $2,925.00/unit

Statement of Work:




End Cap Design

The End Cap design requires significantly more work!

This is the “interface” to the rest of SPHENIX and must be designed
collaboratively with BNL engineering.

» Flatness critical for field shaping.

» Low deflection required.

» Nonetheless, we should spend some time on the conceptual foundation of
what we want:

» STAR/ALICE = MASSIVE WHEELS.

» Followed by flux return (STAR) or muon measurement (ALICE).

Detail-free drawing...

» |ILC follows the end caps with additional detector layers.

» Must be thin to make good measurements behind it.




Work at Cornell: development of the
endplate and module mechanical structure
to satisfy the material and rigidity

STAR-like diameter requirements of the ILD.

ALICE-like length The ILD TPC has dimensions:

outer radius 1808 mm
Goal: 5-100-150 um inner radius 329 mm

half length 2350 mm
Test: 6 =120 um & 1

/|

N
)

A

&

— Prototype tests during development of the [LD TPC endplate design

— |LD TPC endplate design, analysis

— LP2 endplate construction and testing as a validation of the ILD design
— Further measurements on the LP2 endplate

— Further analysis on the ILD endplate design

— Comments on viability of constructing the ILD endplate

2012-10-22 LCWS 2012 Arlington D. Peterson 2



Evolution

» Two are thin enough:

» Hybrid
» Space Frame

» ILD finds that the
Hybrid is not rigid
enough under
pressure.

» Our small size could
result in a different
solution.

)

/4

N

-

LP1 endplate, lightened, all aluminum

thick aluminum

aluminum/
carbon fiber
hybrid

Various technologies were considered for the ILD endplate

space frame

(illustrated here for an LP1-size endplate ).

The LP1 endplate structure is rejected because of high material.

Various lighted endplates illustrated contributions to the endplate strength.

Low material hybrid construction was considered in an effort

to provide the strength of the LP1 design, with significantly reduced material.

But, there is insufficient rigidity when scaled to the size of the ILD.

Only a space-frame promises to provide the required strength-to-material.

A A
A\ A o
;
N
_\s
v
¥y
N
{

Crrereii

'f o

2012-10-22 LCWS 2012 Arlington D. Peterson



Real life is always
tougher than
simulation...

Still not bad at all.

ILD is headed toward
space frame, but it is
not clear that this is
the right choice for
us...

Validation of the FEA with 0.8 meter diameter LP2 endplate

The FEA predicts a longitudinal deflection of 23 microns / 100 N load.

17% higher.

(with the load applied at the center module.)

Measured deflection is 27 microns/100 N load

deflection under load,

27 microns/100 N

80.0
§ 700
€ 600
S
O 500 -
o
L 400
©
T 300 -
X
£ 200 +
o
e}
C 100 +
[¥8)

0.0 T

0 50 100 150 200 250 300
Load, Newtons measuring the deflection
2012-10-22 LCWS 2012 Arlington D. Peterson



Mechanical Engineering of EndCaps

» Finite-Element calculations are more than pressing the button.

John Brodowski (BNL Mechanical Engineer) has calculated the deflections in the ILC \
prototype (measured!) to test whether it is working (it is). Initial work on feedthrough

» We can move to full-scale design from here.

» Our lives easier:

» The end plate is small enough that we can turn it after
assembly to make it extremely flat!!

* Can we hold 34 kV on a circuit as shown here?

* Could it be implemented with thickness - 1mm or so?

> Is it flexible enough to be formed into a cylinder of:
Radius = 80 cm?

prototype then a cylinder afterward.
Nege: L S
3,000,000
i HETeR BoTH ENI LS
/ } yamee DISTANC 43

R Tskvf, | HoLDING iy
oR R

Radius = 30 cm?
If this fs possible, | would like to bulld a flat




ILC TPC Prototype will be given to us for experiments.

This comes with 10,000 channels of proper-polarity electronics!
QUESTION: Could we put this (and later the real TPC Field Cage Prototype) @ RHIC?
FANTASTIC opportunity for engineering runs (w/o B-field) during the BES!

Helps alleviate concern over “start-up woes”.




Pad PIane

—_LLLLLLL

64 ch

STAR iTPC Upgrade
E

a2 Signal from 8 iFEEs
H will be fed into iRDO

-

DAQ

SAMPA
FPGA
Copper

SPHENIX TPC electronics meeting

Friday, May 13, 2016 from 10:00 to 12:00 (US/Eastern)
at Universe ( 2-160 )

outside experts: Tonko Ljubicic, Bob Sheetz

The correct design for sPHENIX is clear:
* SAMPA

 FPGA

» Optical
 Commercial/Home-Brew into PC.




Code slow but running.

Reasonable interface for measuring IBF now ready.

Calculations and reasonable extrapolation show that our IBF problem

will be much smaller than that faced by STAR/ALICE.

Cage MandrelUnder Construgl

T /4 4
= \\ y
1) Y/ ]
AR ( )
\ - r N
]

There is more to do in reducing IBF (possibly very significantly). ~_3722/2016

Likely “normal” considerations will become limit to TPC performance.

TONS of interesting work to do:
Design, construction, simulation, IBF, test beam, ...

Already a large crew but we can use many more.

Reconstructed Y & Z Coordinales along Track, Event 4

F M Tilted Track

icted Z-Coordinate (mm)

Reconstru
s
T

P - -
-40 -20 20 40
Reconstructed Y-Coordinate (mm)

2% Fermilab Test Beam Facility

e | A i
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Basic Parameter Limits:

ILC calculations of the so-called “Sauli point”

20 :
* ° 1 = 1
S | Gem1: Low Gain E”“'" 0.99
: === Usea=235V 7] al- T
ol g T VeSSV —omUg 2SSV ] sf collection eff.
e 7 Vo289V O Vg m285V R R
. | i i i
14 bl o i ! ; n O 14 .
$ ' | 5 | .1 = g Ar-coff 70-30
12 i i i i h 212 [e=1vem’ E=300Vem' #
o ab —— £ i ;
o R E, 2 AT
o : o | — g dﬂ"‘ﬁ go.sf t GEM holes a‘:'mpm 0360”"'
. Ui . ] ®od |1} ’
\| Gem1: High Gain T
6+ | : . _. 04
R A Y R T, © fo. :
00 05 10\ 15 20 25 30 ; P e
IBF (%) ]
.'._0

ALICE Operating Point

» 2-GEM plus uMEGA a bit better but the compromise
between GEM-1 gain and resolution persists.

» New(?) thought...
» Can we get IBF protection w/ GAIN=1.

* |ILC folks make
plot with fixed E,
and E;

+ E4 going down

: : : R and E; going up

» ILC uses this for a “GEM-based gating grid”. uif 3 E, are the RIGHT
DIRECTION for
achieving low IBF.

» moderate E; but modify holes to achieve good operation. x; e, i Er

Tracking Systems



MPGD Gain Stage

NOTE: Unavoidable feedback 15t GEM

Cover electrode
» Electron/lon drift differences “enhanced” et ] Eun L
. . . e En L ——s | 2mm
by staggered drift field options. GEM 2 i — —_—
GEM 3 | = =
L | Es | - 2 mm
» Leads to four layers of GEM. GEM 4 m—— TP — Ry B
Padpane
» Other considerations: Strong back | |
. Figure 4.6: Schematic exploded cross section of the GEM stack. Each GEM foil is glued onto a 2mm thick support frame
» Hole pattern rotation. defining the gap. The designations of the GEM foils and electric fields used in this TDR are also given. Earn

corresponds to the drift field, Eq; denote the transfer fields between GEM foils, and E the induction field between

. the fourth GEM and the pad plane. The readout anode (see Eq. (4.2)) is indicated as well. The drift cathode is
> HOle SpaC]ng Changes‘ defined by the drift electrode not shown on this schematic.

85032

ALICE-USA builds
this; roughly the
same as our scale!

003
2z

1647

45759

Figure 3.5: Left: Optical transparency of two standard GEM foils. Right: Hlustration of the interference pattern that occurs
when the foils are slightly rotated.

v—

Ki

----------
PR FRSR] IR P e )

Uniform

Figure 4.3 Dimensions (mm) of the ALICE TPC readout chambers.

Figure 3.6: Left: Optical transparency of two standard GEM foils after rotation of one foil by 90°. Right: Ilustration of the Figure 4.4 shows an exploded view of a GEM IROC. It consist ts of the following components:
randomization of the relative hole positions.

Figure 4.7: Photograph of an IROC GEM foil in the stretching frame.



Gas Choice - Wide Parameter Space...

Drift Velocity:

» Faster = Fewer Stacked evts

» Slower = Better 2-particle resolution.
» Plateau is highly desirable.

Longitudinal Diffusion (smaller is better):
» Influences 2-particle resolution.
« Determines p, resolution.

Transverse Diffusion:

» Influences single point precision.

» Spreads charge over sensors.
(coupled with pad geometry)

inimum diffusion Minimum dlffusmn
~pad size ~feature size

Field Uniformity:
» Electric Field for main drift
» Magnetic Field for main drift.

» By “Traditional” Considerations T2K is better.
» High rate/multiplicity Space Charge dominates.

Tracking Systen




Two Sources of Positive lons

» In a gated TPC, the principle source of positive ions is
primary ionization.

» Currently this is a larger effect in STAR than ALICE due to
the differences in ion mobility and drift field strength.

» The un-gated TPC has consequences:

» “lon Back Flow” from the avalanche stage becomes the
dominant contributor to the space charge.

» The charge is rather “uneven” due to:
» Pancakes of IBF from the avalanche stage.

» Variations in gain.

» Purposeful: inner sector high gain/gaps in azimuth.

» Accidental: gain variations with time, temp, pressure...

» Significant R&D has been applied to find a “working
point” suitable for the ALICE upgrade.

L g e e ey B o
YT YR
e

L]
r f
Nl L
....... ¥

b 11 1 Al L Al
2%5!]2&] 150 -100 50 O 50 100 150 200 250 250 300 150 100 R0 o Ry 100 150 00 =50
K [om) z (cmj)

Tracking Systems



Recent results from ALICE easy to understand

ETl- ET2 Scan

E_, = 4000 Vicm

IBF (%) Sigma (%)

125
124
12.3
12.2

4000 2500

3500
Eqpo (Viem) Er viem)

» Basic messages from IBF studies remain the same:

» Low IBF likes the gain “deep” in the GEMstack.
» Make the first GEMs as low as possible gain.

» Lowest IBF is the worst resolution limited by
statistical fluctuations of earliest gain stages.

Tracking Systems

Algeys (V)

Larger transfer fields more effectively couple the
charge from the hole into the transfer gap.

» There is actually a plateau beyond which charge is
forced into the top of the next GEM (known from HBD)

This raises the “effective gain” with only small
change to the “physical gain”.

You then lower the physical gain and lower the IBF.

UGEIVIl-UGEIVIZ sctan

Transfer fields:4000/4000/100/4000

IBF (%) , . OQ Sigma (%)
\0 6 14
11 o

13.5

1 Q@% 13

0.9

12.5
12
11.5

1

S-LP-LP-5 S-LP-LP-5

E,, = 4000 Vicm E;, = 4000 Vicm
E,,=4000 Viem E,, = 4000 Viem
Ery =100 Viem ] Ey3 =100 Viem
Eqy = 4000 Viem
Ne-CO,-N, (90-10-5)
P,= 1006,6 mbar

230
AUgeys (V)



\
Effects of Space Charge on TPC performance -

» The process of measuring trajectories can be factorized: g | e

—— Uncorrected Fit

r=ec Corrected

» Position resolution of hits on a pad plane (easy part).

—— Corrected Fit

Counts
NooB ®» o B B o3 3 S
8 88888888

» Extrapolating back through the gas volume (hard part).

» Next generation TPCs feature high rate but suffer from N
space charge distortions that complicate the extrapolation N
from the measured coordinate back to the source point. Better than 100 um routine.

» Positive ion space charge effectively “pulls” the electron

trajectories toward the center of the TPC. , ALICE expected E ré,‘,c,k deflectlcl)rlmn

» The magnitude of the distortion can be very large: E— N%mzb%mmmw §
» STAR -10 cm. '
» ALICE 10-20 cm.
» The average deflection can be determined by measurement S STIUURUTAUTUNUTTRT IO vor-- S STVOUUIOU VTP

ricm) rijem)

and calibration to high precision.

» Final device performance is limited by the FLUCTUATIONS in
the deflection (i.e. percentages of the deflection). ALICE design goal: 200 um from 4 mm pads.

Figum 7.9: Space-point distortions inr (ke fi panel) and ro (right panel) as a function of the radial position r close to the central
electrode (7~ Dom) for Me-C05-M; (90-10-5), Ky = 50kHz, £ = 10 and 20



Mean Deflections of ionization due to space char\ e in ALICE @ 50 kH
Goal of the Study R on e e e i

)

Ne-CO,-N, (90-10-5): 50 kkHz ~§1
5
— =20 S
» Make a (correct & precise) ! i w10

calculation of the mean
deflections of ionization as
they traverse the TPC.

~J

» Apply all sources of

fluctuations onto the full - WO 30 0 w0 @m0 om0 M U T @ w0 wm o e
drift process. r{cm) r{cm)
Figum 7.9: Space-point distortions in r (ke ft panel) and r (right panel) as a function of the radial position r close to the central
> Space charge, of course. ekectrode (z ~« 0cm) for Ne-CO4-Ns (90-10-5), Ry = S0kHz, € = 10 and 20.
» “Normal” fluctuations also!
(v, . Ova dua dva dva .,
\ Avy = (E.&L LG AT AP+ Ao, + 5 :Nza(wz).
> Add uncertainty in the full 1% order coeffcients: 2™ order coefficients: ALlCE
drift process to the . O (0240.02) [foem/V] O 0001 £0.009 % cm/V]
uncertainty in the gain stage. ‘% — (031 +0.02) [%/K] a;‘if —0.001 -+ 0.006 [%/ K]
v o *y,
3—1;‘ = (—0.13 £ 0.01) [%/Torr] ﬁ = —0.001 4 0.001 [%/Torv]
. . . v _ 0 v . oy
~ Learn realistic resolution. 3Coe — (000029 /%] 3, L0
E}”d ¥

— (~L.73+0.23) [%/%]

dCy, = 0.15 £ 0.64 [%/%]

ac3,



class Bpacechargs

C Size as Constructor Argument
Implemented Code “Spaccihorg=(Gable 0=, double bet0, double 10D
virtual ~Spacecharge—i—I-L

wvold Verbosityiint w) {wverbosity=wv;}
 double BEmn (int m, int n, doukle r); J/Bmn function from Rosssgger
doubkle Fmnl {(int m, int n, doukle xr); 4 /BEmnl function from Rosssggsr

Temporarily pUbliC - doukle Emné (int m, int n, doubkle r}; //FmnZ function from FRosssgger

. doublse FPrime (int m, int n, doukle a, doukle 1) ; /) FPrime function from Rosssgger
(testing only) ' ' ' ’

double Bnkiint n, int k, doukle x}; S/Bnk function from Rosssgger
s
p—
double E= (doubkle r, doubkle phi, doukle =z, doubkle rl, doubkle phil, doukls =1);

Return Funct'ions e double Er (double r, doubkle phi, doubkle =z, doubles rl, doubkle phil, doukle =1);
double Ephi (doubkle r, double phi, double =, doukle rl, doubkle phil, doubkles =1);

. . . protecteds . B o o o L
- < U =0.8 u_nu_ =005 1
» Ez and Er implementation are unchanged since last report. > 18 T e
. . . . —a—U_, =255V —0—U_, =255V ]
» Help from Dave Morrison provides implementation necessary for 18- o e i j
Ephi.
» Currently dummy since we’ll start with phi-symmetric space charge. e
» Returns are effectively Greene’s Functions that provide a value . . s o -
of a field at (r,¢,z) in response to a point charge placed at \
(ri,01,2Z4)- ) FUUE FUUE IR VI FUUUR DU SO
0.0 0.5 1.0 1.5 20 25 3.0
» To learn the total field, one must integrate the Greene’s function \ sl

over the charge: |

E_,:(f) = fEr ()_C), x’) p (x’) dv’ | -
E,(®) = l £, (25) p () v’ + 200
|

5 A 00‘: 71.0
° @ Rhofrzyios e eI . &l Rho(r, 2) 10°

cm

I ||
Requires Proof Matches ALICE!



Basic Approach to Solving the Cylinder

» The problem at hand is this: AG(EF) = — 8(F—T), (5.13)

a4 1a 1 & i C aoaom br=r) !
[F-I-;E-I-ﬁ@-l'@] Gir,d, z:v', ¢, 2) = _Tﬁiﬁt’_d'}&{z_fjs (5.14)

» Our solution begins with solving the homogeneous equation to provide a basis set of

functions for the full solution: (EF 1 & 1 & &

Ad = I:I:- 2 + ;5,? + Eﬂl}"}z + agg-) ﬁ}{rr II:-"|l:|'1 i} - I:I:I 'I:[T1 ¢'J "E.:] - R{r}&}{¢]3{z}

Periodicity set m=0,1,2,3,... $n(¢) =Ch ™ — A, cos(md) + By, sin{me) with m € Z.

R, 1R, m*  Z. [ -/ ocasel
R rR £ Z | B84 ocasell.

Solution without boundary  £miz) = C cosh{Fz) + D, smh(GFz),
conditions applied: Rir) = EqnJdn(Br) + FoYn(8r).

Constants formulated to v 7 g v
explicitly vanish at r=a Finn(T) m| Bmn )L BmnT) ml Fmnt) Yo | Gmn ).

Vanishing at r=b forces [} to become discreet.




How to Make This Plot: \

>

U U208

Choose an IBF operating point and - f iy

U, 7285V —o—U,;

UV =095
—0—U,, =235V
—o—U,,,; '256V

=285V

AN Ty
collision rate (raw not triggered)

Use standard form for the space

charge density under these

conditions. ~—

Select r=a.

710 Rho (fClc
& Rho(r, 2) 10°
05

Integrate:

0.0 05 1.0 15 20 25 3.0
IBF (%)

,"!D
7" W Rho(r, 2)10°
05

Mean Deflections of ionization due to space charge in ALICE @ 50 kHz

cm)

a(mg) (

Ne-CO,-N, (90-10-5): 50 kHz
c=20
-—-c=10

dr (cm)

-~

~J

W W0 W X0 20 M
r{cm)

Figur 7.9: Space-point distortions inr (ke ft panel) and re (right panel) as a function of the radial position r close to the central
ekectrode (z ~s 0cm) for Ne-CO»-N; (90-10-5), Ry = S0kHz, £ = 10 and 20.

W 20

NOTE:

| have relegated discussions of “standard”

TPC design parameters (drift velocity, diffusion,

field uniformity, ...) to backup slides.







THANK YOU!! | anticipate that it will be extremely valuable to bring a broad discussion
of the still-evolving sPHENIX TPC conceptual design to a broad audience of experts.

NOTE: This talk respects the

age diversity of our crew.
Validation (where appropriate) of the considerations that we’ve made thus far. | request patience of experts

What | hope to receive from the outside experts:

Corrections (where appropriate) of mistakes that we’ve made. on some of the slides...
Suggestions for items that require more thought. TPC/HBD Test Beam Experiment April 2016

Three presentations to be made: 3 Fermilab Test Beam Facility

TK Hemmick:

Overview of the project.

Detailed considerations driving our design.
Carlos Perez:

Calculations of Space Charge Effects.
Alan Dion

Simulations of detector performance.




R&D Capabilities

\




R&D Capability
B n

—

2!._’, UpoVoenS08 U U, =0.95
° 18 —-—U_, =235V —o—U_, =235V ]
sl —-— um-zss V. —omUpg, 255V |
y —e— U, =285V —o—U,,, =285V
14
12
10F 4
8+
6
00 05 10 15 20 25 30
IBF (%)
e
Ar-CF44C4AH10_953-2
Drift Velocity Vs Drift Field g ga : . _
g 1z N g i®® % i | Ficture size: 10x10 mm” | ‘. [X-pitch: 200 mmc
£ - A g _ .
2. - - ) B S5
= - o % T ', . X
3 -.....,“““—....o- .-_-‘... L " L LTI
B : . .. R L O (Uncorrected)
-t . ol ge
b * N -
= a5 | " ) , = 132um
e i 3 o . . 3 BT B ) 4
A ) . “F e . 1 * O (Corrected)
Jl"- . - i
¢ . h ' .
800 1000 1200 1400 10 10 500 1000
Drift Field(V/om) L ! w X 0 ' ' 0! Centroid Residual (microns)

Viem Viem



Q\ . il e ,—;\;; o
- I University of Virginia S8 ESEEs

BrooktheNotonnl Laboratory »
eRD6 - EIC R&D ]yt
LN ‘ e

» “Tracking/PID Consortium” ; Fsse== " _{__ Florida Institute of Technology M
» BNL, FIT, UVa, SBU, Yale (LLNL, TU, WIS)

» Varied R&D topics w/ MPGD devices:
» Mini-drift pad chambers.

I o

Chevron readout

TPC/HBD prototype

>
>
» Large-scale/Low mass GEM trackers
» Csl RICH for High-momentum PID - — — [~ ”‘
» 3-coordinate pad readout . ‘ | - - '
» Hybrid gain stage for low IBF TPC devices 7 h |

» Staged large test beam expt @ FTBF

Chao Gu Xinzhan Bai Yuxiang Zhao

-. oy ! J /4 E - N ‘ e, & ,,
'\_' t . B -
- .v'v‘ Y 4 .
- S - B w7 TR e - - - -

Note: Photo shows Beam Shifters only!

Largest Compass-style Chamber

Tra|




Assorted eRD6 Results (most published)

RICH-based PID

e 3 Large Chamber w/ small angle stereo
Pion -t 3 - EIC-FT-GEM: Resid;;als in x 0. EIC-FT-GEM: Residuals in y S ma ll TPC W / CheV rons
ER g o E F %%/ ndf=174.7/134 - x*/ ndf = 62.32/ 53 o Res Pag Co
18t E E Cont 2228 444 F o= Con 7924 2 165 lobal Residual Universal N Pad cti
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Qo5 001 GOS0 0528 063 005 00+ 00 008 005 001 ool 0ee 00% 008 0% g 150t Bxg Sigma 118 +002 g é Bkg Mean .0,005793 + 0.008536
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Facilities at BNL (co- occupled by Yale)

3 Inde endent Gas detector Statlonﬂ‘

-Indep. mixed gas supply (almost)

Scanning
_X-ray Gun
P(Colhm{te ‘

Gas"SVstemr._ :

4-line Dlstrrbdfmn/
2 Mixers*

Tracking Systems

“Narrow” T

Top Fe55
Source

Laser

Bottom
Fe55 Source

89



Facilities at WIS
IBF test box

™ It has new inhabitants:

Standard 3(expandable)
framed CERN GEMs

Zagreb-made floating
picoampermeters.

They are sensitive to
measure current from a
5kHz iron source.
(Signals are weak).

‘room.

» Complete capabilities for gas characterization & IBF.

» BTW-—Yale and SBU are not exactly devoid of relevant equipment

Gas system

S 3 output lines (2 shown)

Configurable
| Visual control
Fully computer controlled
2% accuracy
Fast fill up

Battery powered =
or DC powered.

Tracking Systems

New test cell

Assembly of 10x10cm CERN GEMs
View ports, laser injection window
Field cage

Lens and mirrors for 266nm
Radioactive source /.
Vacuum ports N
HV feed through
Linear transformer



Size & Performance

\




“...we anticipate that the features and experience gained
with this device might provide the basis for a “day-1” detector

at a future EIC, independent of where the new facility will be sited.
It is envisioned that this new collaboration will consider the possible
evolution toward such a detector as part of its mission.”

--Berndt Mueller

Mechanical Constraints (magnet/EMCal-driven)

Mechanical Constraint
EMCal Mechanical constraint @ r=90cm. - »-

Outer HCal - ‘v:,'i" el B
i i i . Solenoid
Physics = coil aspect ratio: || < 1.1 or Length ~ Diameter Inner HCal

EMCal
Current Tracker Confining Volume: Length = Diameter = 160cm. )

Physics program accomplished via two toughest constraints:

Mass resolution sufficient to resolve Upsilon States.

MeV GeV

o, < 100

DCA Resolution sufficient for tagging heavy flavor secondary vertices.

ct(D) = 123 um; ct(B) = 457 um Physics Constraint

e

sPHENIX TPC tracker
1000 5 _0.66% 7
Gg=0.105%

Opca <100 um

yield

Environmental constraints: _;:4 ]
Central Au+Au multiplicity @ full RHIC Energy. mz_ noETret
Full RHIC-II Luminosity (100 kHz raw, 15 kHz w/in vertex) Radius 20cm-78cm J ]

Length +/- 80 cm SSDUROWEST. 48, W 5V W

m[GeV]



Momentum Resolution-|

Position Resolution:
(Silicon best)

Multiple Scattering:
(Hybrid better)

3 Dimensions:

Bremsstrahlung:
(Hybrid better)

yield/electron

109

- Ad 1 Ag? A¢?  0.3L°B
l—cos—)mp(l—(1-=—""2)) = ~
cos o) mp(l-(1-5——))=r— 3 pr
os _ 80 Opr _ | 720 o,
s 03L2B"T pr | (N+4)03L2B""
13.6MeV [ L I
G0 =5 . . [1+0.0381n
opn 0.052
Pr . 1
= 4+ 0.038In —
pr ~ BBL \ X! X

@ _ Oms 2 . 2 . 2 O-gns cot 02
;. _\/(m) -I-(Udet pst) —I-(O'Q cot931n9) -I-( Sing P )

SPTTAP TP TP PN FUST PO PPN TP T
0 0102 03 04 05 06 07 08 09 1
k=AE/E

AE do A 4 4 9
E dk XoNak\3 3
L 4 kmaa: 4(kma:c - kmtn) k2 - k2 ;
N, = — (= 1 o max min
T X, (3 . 3 N 2 )

Tracking Systems (Practice)

Tracking Systems (Practice)

Momentum Resolution calculated for all options from analytic and full Monte Carlo Simulations




Momentum Resolution-l|

sensor
Station Layer radius pitch length depth total thickness area
(em)  (pm)  (em)  (pm) Xo% (m?)
Pixel 1 24 50 0425 200 0.034
Pixel 2 4.4 50 0425 200 0.059
S0a 3 7.5 58 9.6 240 1.0 0.18
SOb 4 8.5 58 9.6 240 1.0 0.18
Sla 5 31.0 58 9.6 240 0.6 14
S1b 6 34.0 58 9.6 240 0.6 14
S2 7 64.0 60 9.6 320 1.0 6.5
layer radius  total thickness AL/L Cons T rrem
(em) Yo Xo (mrad) (mrad)
VTX 1 2.7 . 0.95 1.8 1.7
VTX 2 4.6 1.8 1.7
air 15 . 0.03 0.02
ficld cage 30 1.0 0.45 1.12 0.5

» All results agree remarkably well.

n:_ T I T T | LI T [ T LI I T T I T T I T T l

6% 75| SPHENX MC simulation -
00181 . MC for silicon tracker

[ --e- fitto MC: . = 1.16% o, = 0.059% i

0.016}- — estimate: & = 1.14% &, = 0.057% —

» Analytic and full Geant simulations performed.

» All options meet the experiment design goal.

Tracking Sy

e
o
=1
®
I

yield

Reference Design

Including Multiple Scattering

G, = 0.059%

- Position Resolution Limit —/
- - I. - — J ol .l I. - l - I L Il I. 't ! 1

0 2 4 6 8 10 12 14

P, [GeVic]

_ SPHENIX silicon tracker =~ ' '
1000— — Gms=1'14=y° =
i Gger=0.057% Pe rf . ]
[ X/X,=7.9% 1
800} . Goal
- —— Crystal Ball fit .
o =98 MeV Met!

600 & GEANT result
4001~

200

L I L 1

Hybrid: Reuse Pixels + TPC

yield

a

e}

LI | LI | T 1T | LI | LI ] T 7T ] L] ‘-
(- i i i | P ]
0016 = sPHENIX MC Simulation e
- MC for Hybrid Tracker e
0.014 N W
0012 E
001 F o
0.008 |-
0.006 - .
08 e e .
L | | | Ll | | i
2 4 6 8 10 12 14 16
p(GeV/c]
UL I L | TrrTT | LI I TrnTT L | LI I LI
10001 sﬂﬁ(:l:c: [']r.zac W:racker Dert -
04e=0.105% err. |
! X/X =4% .
8001 " Goal -
" —— Crystal Ball fit 7
o =61 MeV Met! ]
800 GEANT result ]
so- Resolution .
- from ILC
2001~
. prototype




Design Drivers

Who dat?
E s Oy S48+16
= Ny 318+ 1.4 R
.§um -
z :
m.—
i Preliminary |
60._
a0 UMEGAs
lo, = _lo,° +=4
20 : \‘ ) Ne"
e SR S i Correction GM Resolutin (RIT, Modulel, Row19) |
Does not include TV e
space charge e ‘
pace charg . GEMs |t
considerations, = _ctotes
Significant at et
high rate. e

» |ILC R&D results very encouraging.

» ILC R&D results were used as the basis of the
simulations presented previously.

» ILC ~ 150 um after 2.5 meters drift.
» sPHENIX requirement 250 um after 80 cm drift.

140

120

100

a0

o(Y(1s)) [MeV]

Tracking Systems (Practice)

Hybrid Tracker Option

Degradation of Mass Resolution

o I 2

Design Goal . * V12
- !
l

[ I ® Reuse VTX
L a 1 a i ©® MAPS

10 6 I
l

0 50 100 150

200 300 350

TPC Single Point Resolution (um)

\
The Upsilon mass width for the hybrid setup is
influenced by the single point resolution.

Current calculations assume an RMS resolution of
1/10 the pad size (1%).

The hybrid system will meet the mass resolution
goal with an RMS position resolution of 250 um.

Talk on Simulations from Alan Dion...



Gateless TPC:
Concept & Space Charge

\




Field Cage Progress

\




Designh Issues—End Plate(s)

» Big Decision: Bite-sized or chunky?

» No design exists...

» Present Cable Count Estimate:
» Each module should receive:
» 8 HV leads: (prefer custom bundle to reduce capacitance {stored energy} in the cable).

» Each sector should receive:

» 3-4 DC power leads. Number |Source

» Cooling lines. Channels 200,000(Pre-conceptual Design Report

» Each card should receive: Channels per side 100000|2 sides
fib d lead fib Channels per sector 12500|8 sectors per side
» 2 fibers per card leads to ~200 fibers per sector. Cards per sector 5765625 Assumes 128 channels per card

» May want to gang cards? Unknown...
» Needed: Flatness spec while under internal pressure...
» How to interface this unit to sSPHENIX?



Concerns about FEA
similar to ours.

Least deflection at
field cages.

Our circumstance will
be MUCH easier due
to smaller size.

FEA calculations of deflection and stress (stressis not shown)

Endplate deflections were calculated
with finite element analysis (FEA).

Endplate Support:
outer and inner field cages

Maximum deflection of the model:
0.00867 mm/100N

Calibration: 100N is the force on LP1
due to 2.1 millibar overpressure
ratio of areas: (area of ILD)/(area of LP1) =21.9

ILD TPC endplate deflection
for 2.1 millibar overpressure (2190N)

=0.19 mm deflection is changed slightly in a new release of the FEA

( Without the space-frame structure, the simple endplate deflects by 50mm. )

The maximum stress is 9.2 MPa while the yield limitis 241 MPa.

Validation of the FEA foy a complicated structure will be discussed.

2012-10-22 LCWS 2012 Arlington D. Peterson



Design Issues-- Barrel, Unknown

» How to terminate the field cage?

» | favor the ILC concept:

>
>
>
>
>

Terminating ring
Tapped holes for attachment to end plate.
Aligned via gauge while mandrel turns.

Highest Priority: end plate perpendicular.

Second highest priority: end plate precise.

» Questions:

>

>
>
>

How to make the ring?
Multiple pieces?
Gas seal OK at the seams?

Material
Hemmick likes Aluminum...hard foam is weird.

Y wass

threaded insert (M6)

copper shielding
end flange (hard foam) / il
a/po yimide substrate
<>—GRP

>~ aramid paper

>

honeycomb

GRP
polyimide insulation

mirror strips
o poly)mlde substrate

field strips

25 mm end tace

—

Gas Seal via O-ring

» High Voltage Contact:
» Lead runs down “notch in the honeycomb”.
» Lead is between grounded faces.
» Must penetrate HVPF layer to reach center stripe!

» How do we to this w/o creating spark point?



Membrane Mounts?
How do we position this thing?

Must be accurate (few mil level).
Must be planar.
Concept (works?):
Put fiducial marks on the center stripe during kapton manufacture:
Use the fiducial marks as guides to place mechanical mounts for the central membrane.
How do we electrically attach it? | |
HV lead runs in OUTER shell. s | T e )

Membrane connects inner/outer shells.

o ffor laser

-~ A *4
2
- %
.7\
/ ’ )_.—-\\ ‘ ‘
/
S i
¢ | s/
A E O S N
v 4 = /i \ 2DC
- -7 ENS
7
"
g
A

Does the membrane warp?

Does it move with gas flow?

ol

S —



3D CAD using AutoDesk Inventor Pro
FREE to students and faculty.
Same software used by Rich Ruggiero

. I | AUTODESK' INVENTOR' PROFESSIONAL 2016
Design progress
» Last time we agreed:
» R,,ter=80 cm is too big.

» R,,ter Should be somewhere in the range

» Calculations show that if we desigh our mandrel to 77cm,
we can support either 78 or 76 cm by choosing to cut more
or less from our 2” thick foam block.

» On the right is the wheel assembly in 3D CAD.

» The central “hub” will be cut from Aluminum plate in the SBU shops.
» The spokes are 1.5” 8020 extruded material.

» Three “wheels” make up the inner cage of the mandrel.

NOTE: Last night (2/25/2016), the engineering group
selected 78 cm as the TPC outer radius:
10 cm for upgrade plus 1 cm stay clear to each side.



: Samples of 3 densities of foam in hand & “butterboard”
Mand rel CAD DeS] gn ‘ Currently favoring the highest density rohacell

Each wheel is held to the precision steel
shaft via a collar.

The collar is positioned by the SBU shop
to be centered in the wheel.

The foam blocks are held from the inside
via screws (e.g. drywall screws).

“Even” numbered blocks: square sides.
“Odd” numbered blocks angled sides.

Because of the asymmetry, there is a lip
at every edge that will be removed.

Reminder: Basic concept is to turn (as in lathe) the rohacell
foam into a precise cylinder to lay up the field cage walls.




We’ve settled on an outer radius of the device: Dielectric Sciences, Inc.

80cm minus 2 cm “stay clear” zone = 78 cm outer radius.

Specifications
. . . Voltage 100 KvDC
QUESTION: What is the exact thickness of the exterior Cable Type A-Conducior Cabie
? Mo. of Conductors 1
Sheu’ Diameter 0.440 in
. . . Ga 16 AWG
Since the MANDREL RADIUS is set to the INNER RADIUS size, e T
we should calculate first and then cut metal. Shield Tin-coated Copper Braid
Insulation Material Palyethylene
STAR field cage is 1cm (kapton-hexcell-kapton) and Jacket Material Fve
. . . . A
their gas enclosure is also 1cm (aluminum-aluminumhex- . LEGEND
. A. #16 AWG (19/29) T.C.
alum]num). B. SEMICON POLYETHYLENE TO @.100
Our current design specifies ¥2” honeycomb. i © [NSULATING FORYETAYEERE O 83002010
D. SRELDDES gTEéERR#SQ AWG T.C. , 90% COV
Set I?y HV cable diameter... should be driven by mechanical g C UACKET: PVC: BLACK
stability. ¢ §
~+
Sturdier than STAR. T
Want to know more before cutting metal... 0 p—
1. TEST VOLTAGE: 110KVDC— 10 MINUTES
E 0440” 2. JACKET SPARK TEST: 5KV

QUESTION: How do you simulate Mechanics of Honeycomb materials in CAD?




Chat with the experts:

e

» Hemmick: .

» Surely we don’t simulate the full details of the honeycomb in CAD...

» Do we go from isotropic to orthotropic material?

» Don Lynch: H

» Indeed, you cannot simulate the full honeycomb, you must work around it.

» Orthotropic is likely the right way to proceed.

) [

» Rich Ruggiero: &

» Agreed, you should not input a full honeycomb, not only will the modeling fail to
converge, but the file will take forever to render.

» I’ll forward your mail to Anatoli.

~ Anatoli Gordeev: !

» In ATLAS (silicon) we measured the parameters that we input to CAD.




Surf the Web

» Article from China:

» You can “measure” honeycomb
properties by making a CAD of
only 1-2cells.

» Drat! AutoDesk Inventor throws

warnings since the sides are
still too thin. Two-cell CAD

L PN P N P

& [Simulation: 1] One or more bodies which are thin being treated as solids:
Assemblyl f TwoCells: 1

HexWeb™ HONEYCOMB SANDWICH DESIGN TECHNOLOGY

SAMPLE PROBLEMS BASED OM A STANDARD HEXLITE 220 PANEL

Configuration and Data: Simply Supported Baam
Facing Skins Absmiriuem 5251 Hag - 1aking & beam as being defined as having width (b less
than '/ of span {f)
Thickness 1, and 1, = 0.50mm
ard frorn Appande (I
Yiedd Srrerith = 150 MFa
E, Moduius - 70 GPa
Poissins Ratio =033
Conrg 52-1M - 3003
Thickress 1, = Zhamm
and from Appeancle |
E. Modulus = 1000 hFa
Lowmgtudingl shear =24 MPa
G, Modulus = 440 WFa
- l::mng;a cenina pornl kaded bearn
Tranawerss ahwar = 1.5MFa wilh &= 05m and | = 2m and P = 1500H
G, Medulus = 220 MPa

Sinbilirod Compresson = 4 6 MPR

» Article from a honeycomb manufacturer

» Analytical calculations of all the moduli.

» Option 1:
Use analytical solution to determine
input parameters to CAD orthotropic
simulations.

» Option 2:
Directly compare analytic result to
known devices...




We DID learn something important from “tiny sim”

Outer shell: 0.010” FR4
Inner Shell: 1 mm HVPF

Even though the kapton layer is Tmm think and the FR4 is 0.010” (.254 mm) thick,
the kaptop deflects much more under load.

» We can win in stiffness by layering in some FR4 to the interior electrode surface.

» This is likely why the ILC folks added a layer of glass cloth to their innermost
electrode layer.

Klaus Dehmelt: Mis-matched effective modulus can lead to de-lamination



Engineers remember, physicists forgot...

>

k is unit-less
parameter
that varies
with geometry

Stress results from inner shell getting longer and out

shell getting shorter under load:
Fstress —E &

Aedge L

As long as we don’t exceed the elastic limit, then the
work from the applied force equals the stress work:

E stressAL =®:applied o

Load Types

P=qlb Simpla Suppon

Urihorm Load Destribution

Up to a constant (dependin‘g upon load type): T e

h
AL = he, o = LH; AL = 25 mm@m:-n
Combining Bullet 1&2:
(AL)? S
Etb =k Fapplied5 %ﬁ}

Ceniral Laad

Plugging Bullet 3 intc; anve: Palb O Endred
h<é
Ethb—=5= =k Fappliea0; e e
- (Centilever)
. k FappliedL5

= > Lowd One End

Etbh P owear

\)

Triangular Load Distribution




Option 1: AutoDesk Inventor not up to the task...

¥ Mechanical ¥ Mechanical
Behavior |Isutmpic _l Behavior |Drthu-tmpic '|
Young's Modulus |2 A60E+06 psi = Density |0.050 pound per cubic inch =
Poisson's Ratio 0,30 = Young's Medulus X | 1,450E-02 psi =
Shear Modulus |1,000E+06 psi = Young's Modulus ¥ | 1,450E-02 psi =
Density 0,050 pound per cubic inch = Voung's Medulus Z | 1.450E-02 psi s
Poisson's Ratic X | 0.03 =
. oy e Poisson's Ratic ¥ | 0.03 =
» Inventor does indeed have the ability to ENTER the o T -
parameters for both isotropic and orthotropic materials. Shear Modulus X |1 450E-03 psi =
. ) Shear Modulus Y | 1,450E-02 psi =
» However, we decided to test this: Shear Modulus Z 1450803 pe v
» No matter what parameters we put into the materials, we find 9 fstootpe e Errs i st i et
. . . . ul‘\'!'.':l'l 0O 200 052 AR ar repwy fiz dwas
that the isotropic parameters are used in the calculation. 1 It st dos ot e s oo sty crpoope ol v
» Verified by web search... I TTmmm———
» Furthermore, default meshing parameters unhappy with the L
. . . . [ moces i EoPERT R ™
aspect ratio of our field cage even for isotropic!

Al cylinder

Real Dimensions Chubby Al

Interior Pressure Sim
Inventor throws warning
Displacement non-physical

Interior Pressure Sim
No warnings
Displacement physical

cylinder



Option 2: Analytical comparison to STAR/ILC

@; LA i Analytically calculate a simple beam:
" < e Width=b NOTE: ALICE publications give

« L = <from device> too little detail to allow this

» Et = <from device> calculation to be done...

* h = <from device>

Two conditions:

* Under Pressure (all devices same F,j;cq)

» Under gravity (scale using known materials)

. k Fappliedl'3

Material density {g/cc)  Length outer radius (¢ 5 — Figure Of mer'it for deflection un
OFr4 185 160 7 Eth hZ

Honeycomb 0.064 160 76.97

iFrd 185 160 7570 3

Kapton 142 160 75.6 . k FappliedL

) Figure of merit for deflection unde

~ Etbh?

. - - Material densit lcc Length outer radiu
Material density (gicc)  Length outer radit Material density (g/cc)  Length outer radius | cul e o }gﬁ ) 120
cul 596 420 200. . :
Al , 27 420 350.96 Kapton 1 142 130 4.30E
Kapton1 142 420 201 Haoneycomb 0.064 420 350.76 GRP 1 14 £30 430E
Cu2 | 8.96 420 200. AL2 27 420 350.16 HC _ 0.064 430 4.30E
Homeycomb 0.064 420 20 GRP 2 14 430 4.28E
Cu3 B8.96 420 20 Total Kapton 2 1.42 430 4. 28E
kapton2 1.42 420 200. cu2 896 430 4.28E
cud 2,06 470 Kapton 3 1.42 430 4. 28E
Cul 8.96 4. 28E
Total

Total



O p t] ons: space-frame designs

The ILD endplate solid model (previous slides 7 & 8)
Is modeled in the

» Hemmick dislikes the “equivalent-plate” space-frame design;
“strut” design the separating members are thin plates.

» Threads seem too The “strut” space frame design is an alternative.
damned coarse for
adjustments at 30 pm The thin plate thickness and width

are adjusted to achieve rigidity and material

flatness spec. ) :
P equivalent to a strut design.

» With sPHENIX small

size we can imagine _
“turning” the finished The ILD was modeled with equivalent plates

end plate to make it only because the struts were too complicated for
VERY flat... EEEA,

The final implementation of the ILD endplate
may be either the strut or thin plate designs.

A construction design will be discussed.

2012-10-22 LCWS 2012 Arlington D. Peterson 8



Drop the scale of the
analysis from full
scale to a single beam

Measure a real beam
to verify that it works

Beam Analysis: It’s what you do...

Validation of the FEA with small test beams
Small test beams represent sections across the diameter of the LP1/LP2 endplate.
For each small test beam, there is a solid model that was used for the FEA.

Deflection of the physical prototypes was compared to the FEA.

Al-C Hybrid

(Carbon fiber material is specified to have the same rigidity as the aluminum
and is treated as aluminum in the FEA.

* - Deflection measurements of the physical prototypes agree with the FEA.
- A (presented earlier)

- )12-10-22 LCWS 2012 Arlington D. Peterson 11



Comparison of deflection for LP1/LP2 endplates: FEA vs. measurements

Because of mechanical calculated measured
size considerations, mass material deflection stress deflection
sPHENIX will have a kg %Xo  pm MPa pm

MUCH easier time (100 N) (vield: 241) (100 N)

meeting deflection LP1 1887 169 29 15 33
specs.
LP2 Space-Frame 8.38 7.5 23 4.2 27
(strut or equivalent plate)
Simpler to build designs . ~N
than the space frame! \ Al-C hybrid Al7.35 7.2 (68-168) (3.2-4.8)
(channeled plus fiber) Cc1.29

The concept of going \| Channeled Al735 65 168 4.8 /

with small modules is
also quite a change.

The original LP1 endplate was compared to the FEA earlier.

In both LP1 and LP2, the measured deflection is about 15% higher than from the FEA,
which is close for the level of detail of the model.

2012-10-22 LCWS 2012 Arlington D. Peterson



What is best for us? DOUBLE GEM

» The ILD designhs whether space frame or other options
are all based upon using many smaller modules rather
than a few large modules.

» Advantages:

» Less active area impact due to troublesome module;
better known GEM technology; easier assembly (by

vy
¥
e
vy
|
|
;
i
.

hand); mass spread more uniformly; in-situ module ‘Bulk’ technology (CERN-Saclay)

replacement; significantly reduces technical challenges Wit esisiiye shode (Sarekin)

of module design; opens broader vendor availability for SEVTRIIIOIT S M (P ashralen
. in Japan) stretched from 2 sides.

GEM and/or uMEGA production.

» Disadvantages:

» More dead area between modules; field distortion at
module edges; mass spread more uniformly; more
closely couples the field cage design to module size;
more restrictive on electronics readout size.

We need to continue mulling over the options as the best solution is not yet clear.



D ri ft Ve lOC'i ty Probability of Overlap Depending on Drift Velocity

» Faster drift means that the detector volume clears out faster.

» Fewer stacked events with v, large.
T2K Gas

» However, electronics response must be factored in:
» SAMPA has 190 nsec peaking time.

Probability

» Better matched to slow gas for high multiplicity applications.

» Makes sense...ALICE uses slow gas.

IIIIIIII]IIIIIIIIIIIIIIIlIIIIIIII]IIIIIIIIIIIII

» Even with ALICE slow gas e Vaios o
sPHENIX will experience only Polariiy P o _
between 1-2 StaCked events on Detector capacitance 18pF - 25pF (TPC) 40pF — | :Eg‘z‘i -
average. - 80pF (MCH) ok é | - 1f0 T 20
» This is because the TPC is so :::::ane Qw orit Velocly (emiks) .
much smaller than ALICE order » “Voxel” occupancy assuming:
(Typically 5 evts stacked at full ~[>*" apc e @l » 1 degree in phi.
luminosity planned for future)  [Tinear Range 1V @ &31C, TI0FC, 1661 > 200 nsec window in zed
NOTE: A plateau in drift P peommpiueer:  [sEEpESRAYED| > pCRD
velocity is nice, but ALICE T R T VTTC » 1.2mm pads; 3 pads per track;
works on the rising edge! » 1.45X better than calculation.
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Transverse diffusion I —
. . P T2K | & ALICE
» Competing desires: . tEL
» Position resolution. Containing charge well in the | :foffif iy, ':3::;;::__._. EECUTIRTT
transverse direction improves position resolution P SN ‘ Tl
partly through the use of smaller pads. wl el e
» Finite count of pads. To get high resolution you : . A , ..
must charge share. Although “patterning” the pads | R _
(see talk by Bob Azmoun) allows for charge sharing - 1 I
even with large pads, one must stay within the o - g = T R
boundaries of “printable pads”
» Minimum feature size ~100 microns. Rronenerse B :
» Limiting feature for electrode points. g I § )
» Diffusion includes not only the drift volume, but the
avalanche process that via GEM-Hole-misalignment SR i s e etmin,
adds an extra term. | Tl leest TR | ERIE SR L
> Best case: Lol e .
» Small volume diffusion.
» Reasonable avalanche diffusion (~500 microns?) | | |
Life is MUCH EASIER for us than ol | R |
ALICE due to smaller pads ) ! ’ vem " "’ )
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Longitudinal Diffusion

Comparison of TPC Drift Gases

700~ Gases
. o . . - —e— P10 (Ar-CH4 90-10)

» Typically longitudinal position resolution is not the _ 600 —e— T2K (Ar-CFiCeHso 95-3-2)

limiting factor for tracker resolution. o +— ALICE (Ne-CO 90-10)

F —«— TDR (Ar-CH4+-CO; 93-5-2)

» Therefore a diffusion spec should be matched to the shaping ¢, F

time of the electronics to insure linear response of the £ f

system for good dE/dx resolution. e
» The line is set to ~2/3 of the peaking time and the §’2°°Eh

smiley face icons are set to the drift velocity that 100f-

minimizes transverse diffusion. OE

0
All these gas choices match well with the SAMPA chip simply Drift Velocity {emiie)

because ALICE is designing for slow gas.
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Other possible gas choices?

um/vem or pmnsec

Jnift Velocily

A Trangverse Ditfusion 31
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No-CH4_90-10

10

» These are others, but these have a good “gut feeling”. (Neon-based, good diffusion, good plateau)




The Baseline sPHENIX program does NOT
require dE/dx from the tracker.

We can select an operating point that favors
low IBF for heavy ion collisions and then regain
dE/dx for EIC simply by changing the voltages.

We can choose a lower initial ionization gas
(already must go to Ne...He is also possible).

We can operate using gasses that are more

20 —— e
forgiving (Ne CO, is NOT on the velocity $ ey ey ]
plateau) of imperfections in ol k U U Y |
temperature/field. 14
We can “hedge” the IBF issue by moving the " e |
internal window inward (remember, deflection B S e |
due to relative space charge). :

N i i
0.0 0.5 1.0 1.5 20 25 3.0
IBF (%)

Figure 5.4: Correlation between ion backflow and energy resolution at 5.9 keV in a quadruple S-LP-LP-5 GEM in Ne-C0»-N»
(90-10-5) for various settings of Al/ggsmz. The voliage on GEM | increases for a given setling between 225 and
315V from left to right. The voltages on GEM 3 and GEM 4 are adjusted to achieve a total effective gain of 2000,
while keeping their ratio fixed. The transfer and induction fields are 4. 2. 0.1 and 4 kV/cm. respectively.



